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SUMMARY

.
A commercially available flight indicator which combines heading,

hank-angle, fuselage-pitch-attitude, and, if desired, altitude and radio- “—
aid information was flight-tested in order to determine its suitability
for helicopter instrument flying. The indicator was installed in

& the instrument panel of a single-rotor helicopter specially equipped
for blind flying and was evaluated by performing prescribed maneuvers

●

with conventional instruments and with the combined-signal flight
indicator.

The instrument was then modifiedhy adding a fuselage-rate-of-pitch
signal and by decreasing the bank signal required for canceling a heading-
deviation signal.

The use of the unmodified indicator for helicopter blind flying
was found to result in less fatigue to the pilot and to require less
concentration than the use of conventional instruments; also, the
ability to maintain a given heading was greatly im~roved. The addition
of the rate-of-pitch signal and increased bank sensitivity resulted in
more precise control of heading, altitude, and airspeed, as well as a
reduction in amplitude and frequency of control motion.

INTRODUCTION

The National Advisory Committee for Aeronautics is engaged in a study
of problems associated with helicopter instrument flying in order to deter-
mine the flying qualities and flight aids that are necessary for all-weather
operation. Preliminary results of this program were reported in refer-

. ence 1, wherein the conclusion was reached that both the flytig qualities
of the helicopter and pilot’s instruments would require improvement before
satisfactory helicopter instrument flight would be possible throughout the —

.
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speed range. In view of these results, an investigation of the instru-
ment problems appeared desirable before the.determination of satisfactory
stability and control characteristics for instrument flight-is attempted.

One approach to the problem of providing more suitable instruments
is to combine on a single indicator information thatiis usually obtained
from several different‘instrumentsand to present this information in a
manner easily interpretedby the pilot, A commercially available.
instrument employing such a presentation was.obtained and modified
along lines suggested by the problems reported in reference 1. Some _
results of flight tests obtained with this instrument, which for con-
venience is referred to as a combined-signal flight indicator, are
given in the present paper.

-.

*

—,

DESCRIPTION OF FLIGHT INDICATOR

Basic Instrument
..

The combined-sigal flight indicator igja gy~oscopic flight and
navigation instrument which combines heading, bank-angle, fuselage-
pitch-atti.tude,and, if desired, altitude and radio-aid information
and presents it to the pilot on a two-elemeritindicator. As may be
seen in figure 1, the face of the indicator consists of a horizontal
bar and a vertical bar which move at-right angles to each other and
a fixed background reference marked with suitable scales. The
vertical bar is actuated by heading signals from a gyroscopic compass,
bank signals from a vertical gyro, and, at the discretion of the pilot,
radio track signals. The horizontal bar is actuated by fuselage-pitch-.
attitude signals and, if desired, by a constant-altitude or radio
glide-path signal. Figure 2 illustrates the .sen~ingof-the indicator
bars for various conditions. .,

Flight by means of the indicator is accomplished, once the desired
flight path has been selected, by keeping the two crossbars”centered,
or zeroed, over the reference marker of the instrument. D-isplacement
of the vertical bar due to bank angle, heading, or radio-track devia-
tions may be canceled by banking the aircraft in the proper direction.
Similarly, the indications of deviation in pj~tchattitude”yaltitude,
or radio glide path, as shown on the horizontal bar, may be canceled
by nosing the aircraft--upor down. In any case, aa long as the
indicator remains zeroed the aircraft is either on or is approaching
the desired flight.path. .-

As an example of the principle of the combined-signalflight lndi-
cater, a deviation from an established heading wiI1”-causea displacement

.—.
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1 of the vertical pointer, but by banking the aircraft in the proper direc-
tion, the pilot can return the bar to center immediately. Because the
bank angle required to cancel the heading signal is proportional to the.
heading deviation, the pilot must gradually reduce the amount of bank,
as he approaches the desired course, in order to keep the indicator bar
zeroed. The heading correction is thus made smoothly and without over-
shoot. In order to maintain altitude or follow a radio glide path a
similar technique is employed, that of nosing the aircraft up or down
in response to indication of the horizontal _pointer.

In order to avoid the possibility of overcontrolling, the constant-
altitude and glide-path si~als to the indicator are limited so that in
no case will more than 6° of pitch-attitude change be required to cancel
the deviation signal, whereas the sum of the heading and radio track
signals are limited to a value that will never require more than 20° of
bank to cancel the deviation signal.

Modifications

a
Inasmuch as the flight tidicator just described was designed for

use in airplanes, certain modifications to the instrument were made in
!! order to evaluate its usefulness for helicopters. These modifications

consisted of adding a fuselage-rate-of-pitch signal to the horizontal
bar and reducing the bank angle required to cancel a given heading-
deviation signal.

As a means for enabling the pilot to anticipate changes in attitude
of the helicopter, indication of rate of change of attitude about all
three axes of the machine would seem desirable. However, the difficulty
of maintaining low airspeeds and the large and frequent longitudinal
control motions sometimes necessary suggested the possibility of signifi-
cant improvement by simply adding a fuselage-rate-of-pitch signal to the
combined-signal flight indicator. Accordingly, an electrical signal
proportional to the rate of fuselage pitch was added to the horizontal
bar of the indicator, the instrument thus providing the pilot with
information about both attitude and rate of change of attitude. Means
were provided whereby the pilot could vary this fuselage-rate-of-pitch
signal froinzero to its maximum value, the maximum value giving full-
scale deflection of the bar for a rate of pitch of 17 degrees per second.

As noted in reference 1, the helicopter, because of its rektively
low speed, experiences very high rates of turn at bank angles considered
normal for airplanes. The flight indicator was therefore further modified

● by increasing the sensitivity of the instrment in roll and thus reducing
the bank angle required to cancel a given heading-deviation signal.
Since the bank angle necessary for a given rate of turn is a function

—

——

.

—

—

—



4“ NACA TN 2761

of--fomard speed, means were provided tiereby the pilot could select r-”

different values of tistrument sensitivity. These values ranged from
the normal setting for an airplane, which required a bank angle of 20°
to cancel a maximum heading-deviation signal, to one which required

.

only 5° of bank to accomplish the same purpos”e.

TESTMETHODS
—

The combined-signal flight indicator was installed in the rear
instrument panel of a single-rotor helicopter (fig. 3) equipped with
dual controls and a hood, or curtain, which ”pennittedthe rear piloti
to fly without outside visual reference. The instrument was eve,lu-
ated by comparing results of a series of prescribed maneuvers flown
with conventional instruments, with the unmodified flight indicator,
and with the indicator after modification. The conventional instru-
ments used for this evaluation consisted of an artifi~ial horizon,
directional gyro, alt3meter, and airspeed, turn-and-bank, and rate-
of-climb indicators (fig. 4).

Since the combined-signal flight indicator Qhows only deviation
from a desired flight path or changes from trim attitude, other instru-
ments are–still necessary for cross-checking and for establishing
desired flight conditions. However, when flight records were desired
by using only conventional instruments, the combined-signal flight
indicator was covered. In most of the casesj-records of a given
maneuver made with the various instrument combinatton~ were obtained
during the same fli@t.

Two pilots, both experienced in visual and instrument helicopter
flying, performed the flight tests. The evaluation wa~ based on the
opinions of the pilots end records, obtained with stantird NACA recording
instruments, of heading, airspeed, altitude, control position, pitching
velocity, and rolling velocity,

The radio-aid channels of the flight indicator were not used in
the present investigation, since the necessary receivers were not
available in the test helicopter.

RESULTS AND DISCUSSION

—.+

A

-.

Unmodified Flight Indicator
—
—

●

A comparison of flightrrecords of maneu~ers performed with conven-
tional instruments and with the unmodified flight-indicator reveals that :
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the most outstanding difference is in heading deviation. AS noted in
reference 1, precise control of helicopter heading is difficult under
instrument conditions, particularly at low speeds. Figures 5(a) and

w 5(b) show records of heading, altitude, and airspeed made duinga
maneuver involving straight and level flight while changing airspeed
from 65 to 25 knots. The record made with conventional instruments
shows large, inadvertent heading variations, at one point e==e~g 20°.

In comparison, headings are held within very close limits when the same
maneuver is flown with the combined-signal flight indicator. Examtia-
tion of the records showed no significant change in frequency or amplitude
of control motion between the two maneuvers and little difference in
altitude and airspeed. The opinion of the pilots was, however,that the
flightindicator made instrument flying less fatiguing and required less
concentration than with conventional instruments alone.

As previously mentioned, a constant-altitude signal is available,
at the discretion of the pilot, in the flight indicator. Any deviation
from an established altitude causes a displacement of the horizontal
bar, which may be returned to zero by a pitch sigual producedby nosing
the aircraft up or down. If changes in airspeed are not objectionable,

* this procedure normally provides an easy method for correcting small
altitude deviations. However, at speeds below that for minimum power”
(about 45 knots for the test helicopter), a decrease in airspeed

J requires more power to maintain level flight, and any attempt to
correct an altitude loss simply by raising the nose of the helicopter
results in decreased speed and further loss of altitude. The pilots
concluded that the constant-altitude signal, in its present form, was
useful only above 45 knots and could lead to control difficulties at
lower speeda. For this reason, the constant-altitude signal was not
used when comparing the combined-signal flight indicator with standard
instruments; however, the horizontal bar of the indicator still provided
fuselage-pitch infor&ation.

Modified Flight Indicator

The addition of a fuselage-rate-of-pitch signal to the combined-
si~al flightindicator enabled the pilot to maintain more precise
control of the helicopter under instrument conditions. Figures 5(b)
and 5(c) show the flight records of heading, altitude, and airspeed
made with the unmodified flight indicator and with the same instrument
after a rate-of-pitch signal was added. Although the previous comparison
of conventional instruments and the unmodified flight indicator
(figs. 5(a) and 5(b)) showed little difference in airspeed and altitude
variations, such variations are noticeably reduced after addition of the

. rate-of-pitch si~l. Also of interest is the improvement in heading
control when the rate-of-pitch signal is used. This improvement
apparently results from the fact that, when less difficulty is experienced -—

*
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with longitudinal control, more time is available for the pilot to devote
to directional control.

The rate-of-pitch signal could be varied in flight from the maximum
available which ~roduced full-scale deflection of”%ti”horizontal bar ‘for
a rate of pitch of.17 degrees per second, to zero. The Mgnitude of the
rate-of-pitch signal did not appear to be critical and a value which pro-
duced half-scale deflection for a pitching rate of 17 degrees per second
was found to be ‘satisfactory(this was the value used in obtaining the
records shown in fig. 5(c)). Full-stile deflection of the horizontal
bar of the indicator may also be obtained by a 15° pitch-attitude change.

The second modificatiofito the flight indicator, that of increasing
the bank sensitivity and thus reducing the @ank angle ~quired to cancel
a given heading deviation, resulted in improvement in the ease.and
accuracy of turning to and establishing a desired heading. Fi~e 6
shows typical time histories at-25 knots of-%-urnsto selected headings
using the combined-signal flight indicator. “Figure 6(a) illustrates the
high rate of turn (about lk-degrees per sectid) involved and the conse-
quent overshootin of the desired heading for an instrtient sensitivity

%which required 20 of bank to cancel a maximum heading-deviation signal.
In contrast, figure 6(b) shows the better control resulting from a lower
rate of tun when the required bank angle was reduced to 6 . Although
the instrument was noticeably sensitive to small disturbances at the
latter setting, fl”ightrecords indicate that the frequency and magnitude
of control motion was reduced, particularly-at low speeds, by using the
smaller ba-ikangles,

.-

Inasmuch as the mostrsatisfactory value of instrument sensitivity
in bank is a function of forward speed, sdme”’ccxnproxiiseis necessary if
a fixed value is used. In the present tests an instwnt setting of
10° bank to cancel a maximum heading-devia-thn signal was found to be
satisfactory over the speed range from 25 to~~5 knots.

CONCLUSIONS

A flightindicator which combines heading, altitude, bank-angle, -
and pitch information was evaluated by’means of instrument flight-in a
single-rotorhelicopter, and the following conclusions were reached:

1. The use of the unmodified combined-signalflight indicator for
helicopter blind flying resulted in less fatigue to the pilot and
required less conc~tration than with the use of conventional instru-
ments alone. In particular, the ability to establish and maintain a
given heading was greatly improved,

.-

-—
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2. The additionof a fuselage-rate-of-pitchsignalto the original

instrumentresultedin more precisecontrolof airspeed,altitude,and
heading.

8
3. The bank angle required to camcel a given heading-deviation

signal of the instrument should be smaller for the helicopter Ii& the
airplane. Bank angles considered satisfactory for airplanes resulted
in excessive rates of turn for the test helicopter.

4. A constant-altitude signal, as used in the test instrument, is
undesirable for the helicopter at low speeds, although helpful at high
speeds. At speeds below that formlnimum power, maintenance of constant
altitude by means of simple attitude

Langley Aeronautical Laboratory,
National Advisory Committee for

changes is not

Aeronautics,

feasible.

LangleyField, Va., May 23, 1952.
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Figure l.- Combined-signal flight indicator.
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Figure 2.- Sensing of flight Indicator for vsxious conditions.
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Figure 3.- General view of test helicopter.

, ; ;ML&7

L-,70863
;d~,.,,,7”,,

* -, >



● * v

Figure h.- Instrument panel used in evaluating combined-signal flight

indicator.
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Figure 5.- Comparison of maneuver ( straight and level flight with change
in airspeed from 65 to 25 knots) flown with standard instruments and
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combined-signal flight indicator.
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